How do personality and social structures interact with each other to predict important life outcomes? The importance of accounting for personality change
The availability of personality scales in large nationally representative longitudinal datasets has created many new research possibilities for understanding how personality relates to important life outcomes. Researchers are now able to better understand, for example, how early life personality characteristics relate to later life events (Daly, Delaney, Egan, & Baumeister, 2015; Egan, Daly, Delaney, Boyce, & Wood, in press ), how personality develops in response to social conditions (Boyce, Wood, Daly, & Sedikides, 2015; Specht, Egloff, & Schmukle, 2011) , the extent to which effects found in small studies generalize at the population level (Donnellan & Lucas, 2008) , how personality develops over the life course (Lucas & Donnellan, 2011) , and how personality predicts well-being response following important life events (Boyce & Wood, 2011b; Boyce, Wood, & Brown, 2010; Pai & Carr, 2010) . Further, the appearance of personality scales in large longitudinal datasets, which are more commonly used outside of psychology, has helped introduce personality research to disciplines that have traditionally focused more on social determinants of life outcomes. Economists, for example, now recognise that there is a strong theoretical case for including personality in their modelling (Borghans, Duckworth, Heckman, & Weel, 2008; Rustichini, DeYoung, Anderson, & Burks, 2012) and in turn economists have introduced important methodological advances to personality psychology (Heckman, Malofeeva, Pinto, & Savelyev, 2007; Heckman, Pinto, & Savelyev, 2013) . However, with the likely increase in use of personality measures in large datasets to understand social phenomena there is a need to ensure that the knowledge base within personality psychology is fully extended to other areas of psychology and other disciplines to avoid conceptual and methodological mistakes. One such common mistake outside of personality psychology is conceptualizing personality as being fixed (see Ferguson, 2013; Ferguson & Lievens, in press ). There is a concerning tendency for researchers to not fully consider that an important life outcome or social situation under consideration may have not only been influenced by personality but critically may have itself influenced personality. This becomes problematic when personality is measured after the outcome under investigation has taken place, as the personality measure may potentially be contaminated by the outcome itself having occurred. A preferable analysis to understand how personality contributes to the occurrence of various life outcomes would therefore be to ensure personality was measured prior to the outcome occurring. Here we demonstrate that analyses using measures of personality taken after the occurrence of an outcome are likely to contain both Type 1 and Type 2 errors leading to incorrect and potentially misleading conclusions. This has important implications for the use of personality to understand the role of an individual's personal and social conditions. The notion of a fixed personality stems from early conceptualizations of personality as representing primarily biological and genetic differences between individuals (McCrae, Costa, Ostendorf, Angleitner, & Avia, 2000) . Thus there was initially a general belief that personality changed early in life through a natural maturation process but became "set like plaster" at approximately the age of 30 (Costa & McCrae, 1994; Srivastava, John, Gosling, & Potter, 2003) . The view that personality is "set like plaster" permeated the field for some time but with mounting evidence showing that personality evolves throughout all stages of the life-cycle (Lucas & Donnellan, 2011; Roberts, Walton, & Viechtbauer, 2006a) this view has largely been overturned (see Costa & McCrae, 2006; Roberts, Walton, & Viechtbauer, 2006b ). Personality also changes with respect to more proximal events like work (Roberts, Caspi, & Moffitt, 2003) , going to university (Lüdtke, Roberts, Trautwein, & Nagy, 2011) , health difficulties (Jokela, Hakulinen, Singh-Manoux, & Kivimäki, 2014) , and training (Jackson, Thoemmes, Jonkmann, Lüdtke, & Trautwein, 2012) . Within personality psychology the important role of time in the personality change process is well-documented (Luhmann, Orth, Specht, Kandler, & Lucas, 2014) . However, outside of the immediate field there is still some notion that personality is more or less fixed (Ferguson & Lievens, in press ).
In part this has arisen due to non-shared definitional differences as to what personality is. For example, if one understands personality to represent the non-changing aspects of a person then personality change would not be possible owing simply to terminological barriers (see Boyce et al., 2015 , who make a similar argument within the applied psychology literature).
Thus any appearance of change suggests that whatever has changed can no longer be referred to as personality.
Personality psychologists tend to define personality broadly as encompassing "the psychological component of a person that remains from one situation to another" (A. M. . This definition implies a degree of both temporal and crosssituational stability suggesting that whilst personality may be largely stable the possibility of change is not precluded. Personality includes specific characteristic beliefs individuals hold about themselves and the world ("schemas"), their preferences, and their resultant behavior 1 patterns (Caspi & Shiner, 2007) . Such resultant behavior patterns arise from the complex interaction between all of these elements of an individual's personality, as well as the environment and culture in which the person lives (Rentfrow, Gosling, & Potter, 2008; Roberts, Wood, & Caspi, 2008) . Although resultant behavior patterns can vary from moment to moment depending on the social situation individuals can be reliably distinguished from one another by the mean point of their personality expression distribution (Fleeson, 2001 (Fleeson, , 2004 , which is to what people refer when asked about their personality "in general". Thus, whilst there is a stable component to an individual's personality, were an individual to find themselves chronically in a different social situation, for example, through becoming unemployed or widowed when they were respectively previously employed or in a stable marriage, then personality could reasonably be expected to change.
Under this perspective of personality change taking place due to shifting social situations, then it matters when personality is measured for predicting the future occurrence of that event. If personality were measured after the occurrence of any major life event, which then completely changed an individual's circumstances, then the post-event measure of personality will likely be different to personality before the occurrence of that life event. It is also the case that not everyone will experience equal amounts of personality change following the occurrence of the life event, and indeed individual difference in the degree of personality change have themselves been noted (Lüdtke et al., 2011) . Any post-event measure of personality will therefore be contaminated by the occurrence of the new circumstance and will result in misleading and biased conclusions as to whether or not personality precipitated the new life situation in the first place. For example, there is evidence to suggest that unemployment is associated with reductions in agreeableness, conscientiousness, and openness (Boyce et al., 2015) . Thus whilst those with low agreeableness, conscientious and openness may have been more likely to have experienced unemployment previously this does not necessarily mean that employed individuals who are low in agreeableness, conscientiousness and openness are at the most risk of unemployment.
Nevertheless, despite the expectation that personality could change there are already a number of published papers outside the immediate sub-field of personality psychology in which researchers have investigated the extent to which personality predicts important life outcomes such as unemployment duration (Uysal & Pohlmeier, 2011) , wages (Heineck, 2011; Heineck & Anger, 2010) , as well as well-being reactions to socio-economic events (Proto & Rustichini, 2015; Soto & Luhmann, 2013; Yap, Anusic, & Lucas, 2012) with little or no consideration for the possibility that the outcomes which are being investigated may have themselves resulted in changes to personality. This tendency can be attributed in part to data limitations. Personality measures are a relatively novel component of large nationally representative datasets that have spanned many other topics across many years. Personality questionnaires have typically been included in a one-off fashion, under the assumption that a personality measure taken at one time point is a suitable proxy for personality measured across the entire study period. Many researchers have uncritically adopted this assumption and given the rise in use of such datasets in psychology there is a risk that the fixed personality assumption could become normative within this research stream.
However, there are other studies that use large nationally representative longitudinal datasets to ask similar questions that have been explicit about their assumptions regarding personality change (e.g., Boyce & Wood, 2011a , 2011b Boyce et al., 2010; Boyce, Wood, & Ferguson, 2016b , 2016a Daly et al., 2015; Egan et al., in press; Kesavayuth, Rosenman, & Zikos, 2015; Pai & Carr, 2010) . Such studies have ensured that personality is at least measured prior to the outcome in which they are interested. Although a personality measure before the occurrence of an outcome is dependent on social circumstances at the time, as well as previous experiences of the outcome, the use of a pre-outcome measures of personality are more informative for understanding the role of personality in predicting the outcomes future likelihood. In this paper we demonstrate the methodological issue that arises from not accounting for potential development in personality that may have taken place as a result of occurrence of a specific outcome when exploring the role of personality in predicting that outcome. We show that this may result in both Type 1 and Type 2 errors and we surmise when this will be most problematic. We then explore the problem empirically with a dataset which contains both pre-and post-event measures of personality to examine the extent to which pre-or post-event personality measures predict not only the occurrence of a socioeconomic event but also the well-being reactions to these same socio-economic events. In understanding which individuals might be the most susceptible to a socio-economic circumstance we conclude that pre-outcome measures of personality are essential.
Method

Analytical issues
We are interested in some outcome, y, for example becoming unemployed or wellbeing, which is determined as follows: (1) to be an important predictor of the outcome. Under the assumption that personality is fixed (Pit = Pi) the individual heterogeneity, µi, subsumes these individual differences and may get referred to as unobservable or unknown individual heterogeneity (see Boyce, 2010 where this issue is explored in depth). If the only concern were with eliminating individual heterogeneity as a source of estimation bias then unbiased estimates for equation 1 can be easily obtained by a model that focuses on explaining the within-person variation (Angrist & Pischke, 2008) .
However, if it were believed that there is also individual heterogeneity in the outcome which can be explained by a measureable constructs, such as personality, then we can obtain appropriate measures and interact these with the main effect. Under the assumption that personality is fixed (Pit = Pi) we would need measures at only one time point to carry out such an analysis.
An analytical concern arises, however, when the assumption that personality is fixed is violated. As already outlined empirical evidence suggests that this assumption is indeed violated (Lucas & Donnellan, 2011; Roberts, Walton, & Viechtbauer, 2006a) . In fact personality has been shown to change at least as much as socio-economic circumstances (Boyce, Wood, & Powdthavee, 2013; Hounkpatin, Wood, Boyce, & Dunn, 2014) and even more importantly that this change takes place in response to changes to socio-economic circumstances (Boyce et al., 2015; Heckman, Malofeeva, Pinto, & Savelyev, 2007; Heckman, Pinto, & Savelyev, 2013; Specht et al., 2011; Specht, Egloff, & Schmukle, 2013) . Thus personality may be dependent upon the same factors that determine the outcome of interest:
Whilst there is no doubt a fixed component to an individual's personality, Pi0, (Bouchard & McGue, 2003) personality is also determined, much like the outcome of interest in equation 1, by other factors such as k socio-economic conditions, x, and j correlated factors, z, time period effects, δ, and an error component, ε. Therefore to be correctly specified equation 1 has to take account of changes to an individual's personality. Personality change, Pit, may enter into equation 1 both directly and via the interaction term and, if the change is correlated with the outcome variable and this change is not correctly accounted for an endogeneity issue arises. Ideally we would need measures at multiple time-points to fully deal with this problem but, owing to the assumption that personality does not develop in later life, appropriate measurement typically takes place at only relatively few time-points in large representative datasets. However, the problem we have outlined here is substantially mitigated by ensuring any measures of personality are taken at some point before any change to an individual's circumstances, preferably immediately before, rather than at any point after.
First, if we wish to predict the occurrence of a socio-economic outcome it is clear that if a certain measure changes as a result of the socio-economic outcome then it is likely to also post-hoc predict the occurrence of the socio-economic outcome in some way. For example, if the experience of unemployment reduces an individual's conscientiousness then low conscientiousness measured following the unemployment experience is more likely to predict unemployment than if conscientiousness were measured before the event. The extent of this problem is dependent only upon the degree to which the socio-economic situation changes personality but will result in misleading conclusions as to whom the change in socioeconomic circumstances is likely to happen to.
Second, with respect to predicting an individual's reaction to a change in socioeconomic circumstances, a problem occurs with post-event measures if both the change in the outcome, y, and the change in any personality measures are dependent upon the change of socio-economic circumstance. In this situation the extent of the problem is dependent upon not only the extent to which the socio-economic change leads to personality change, as with predicting the occurrence of the socio-economic circumstance changes, but also the degree to which the socio-economic event changes the outcome, and the correlation between the changes that occur in both the personality and the outcome. Again measures used before the occurrence of the socio-economic event would help to avoid this concern.
We proceed to illustrate this problem empirically using data from Germany. We examine the extent to which personality, as measured via the FFM, predicts the occurrence of various socio-economic circumstances, as well as an individual's well-being reaction to these changes in circumstances, and whether it matters if personality is measured before or after the occurrence of the socio-economic change.
All our analyses are carried out using Ordinary Least Squares (OLS). An alternative would be to carry out Structural Equation Modelling (SEM), which allows researchers to account for measurement error by building any scale unreliability directly into the model.
However, for our research question an OLS approach is preferable to SEM since (a) there is high degree of model complexity (multilevel and a large number of parameters, including interaction terms) that may make it difficult to find stable models that include both a measurement component and a structural one, (b) there are only two time-points of personality data our model, which would limit assessment using an SEM to a latent change model, (c) there is a likelihood of a poor fitting measurement model as the measurement model does not account for cross-loadings (Zhao, Ferguson, & Smillie, in press) , and (d) our sample is relatively large and there is therefore likely to be asymptotic equivalence across models.
Data
We use the German Socio-Economic Panel Study (SOEP), an ongoing longitudinal study of German households. The SOEP began in 1984 with a sample of adult members from randomly selected households in West Germany. Since 1984, the SOEP has expanded to include East Germany and also added various sub-samples to maintain a representative sample of the entire German population (see Wagner, Frick, & Schupp, 2007) . We focused on a sub-sample of SOEP participants who answered questions on their personality in both 2005 and 2013. We therefore construct a 9 wave panel where FFM measures of personality, are measured at the first time-point and again at the final time-point. We use each of the measures to explore the extent to which we can predict both the occurrence of socioeconomic circumstances and reactions to them. Our overall sample includes 85,280 observations from 9,574 participants across the time-period (53% female, age 16 to 103, M = 51.55). three items assessing each of the five domains of agreeableness (e.g., "has a forgiving nature"), conscientiousness (e.g., "does a thorough job"), extraversion (e.g., "is communicative, talkative"), neuroticism (e.g., "worries a lot"), and openness (e.g., "is original, comes up with new ideas"). The SOEP scale has comparable psychometric properties to similar but longer personality scales. For example, using different assessment methods, Lang, John, Lüdtke, Schupp, and Wagner (2011) showed that the short-item scale produces a robust five factor structure across all age groups. Donnellan and Lucas (2008) demonstrated that each of the scales contained in the SOEP correlates highly (at least r = . Covariates. Since personality, well-being, and socio-economic circumstances are likely correlated with a number of other observable characteristics we include additional socio-demographic variables in our analyses. These include year and regional dummy variables, sex, age, age 2 , age 3 , years of education, log of household income, log of household size, and disability status, which we included as control variables.
Missing data
Of those individuals that answered questions about their personality at both timepoints there was some missing data in marital status (0.6%), occupational status (0.9%), life satisfaction (0.2%), education (3.1%), log of household income (3.8%), and disability status (0.2%). Unless these items are missing completely at random, listwise deletion, or imputing sample wide or item averages have been shown to lead to biased estimates (Schafer & Graham, 2002) . For those that did not report their occupational or marital status we included additional dummies to indicate whether each variable was missing. We dealt with the remaining missing data using multiple imputation (Rubin, 2004) . Specifically, we used multiple imputation chained equations (MICE; White, Royston, & Wood, 2011) , which is a technique whereby for each of the multiple imputations a series of sequential regressions are carried out in an iterative fashion. To limit the imputed values to within their possible score ranges for life satisfaction, education, and log of household income we used a predictive mean matching approach. We obtained 5 imputations (based on five sequential iterations using MICE) and we pooled each of our imputations to produce our final estimates.
Results
First, given the correlations in the dataset, we begin by making some predictions as to how we expect post-event personality will lead to biased conclusions. We then proceed to examine whether these predictions are realized by examining both the occurrence of and the well-being reaction to socio-economic circumstances.
Empirical predictions based on the data
As outlined above the extent of the methodological concern for both the occurrence of and reaction to will be dependent upon whether the socio-economic circumstance is likely to produce an increase or decrease on the personality score. We therefore begin by observing the extent to which the occurrence of any socio-economic change predicts changes in our measures of personality. In Table 1 we assess whether the occurrence of a socio-economic event at any time-point in our dataset predicts change in our measures of personality. Here we see that some change does arise as a result of socio-economic events and this is particularly relevant for changes in conscientiousness, agreeableness, and neuroticism. As such we may expect to see the biggest differences using pre-and post-event personality to arise in conscientiousness, agreeableness, and neuroticism.
We further predicted in the case of a reaction to the change in socio-economic circumstance that the problem would further depend upon the correlation between the changes in personality and outcome that arise from the socio-economic event. We thus observe in Table 2 the bivariate correlation between the change in both our measures of personality and life satisfaction after nine years. Changes in neuroticism have the strongest relationship with changes in life satisfaction and this suggests that the largest differences will occur from using pre-and post-event neuroticism. More precisely, and to explain the mechanism by which we may expect to see a misleading result, a negative (positive) change in socio-economic conditions may lead to both an increase (decrease) in neuroticism and a decrease (increase) in well-being. Thus the individuals that experienced the largest decreases (increases) in well-being are also likely to exhibit the largest increases (decreases) in neuroticism. The use of a post-event measure of neuroticism, as opposed to pre-event, is therefore more likely to predict larger falls (smaller increases) in well-being (i.e., increase the likelihood of a negative interaction effect). Such a conclusion would reveal nothing about who may be the most influenced by some intervention, rather merely illustrate that those that suffered the most suffered the most.
We may also see some well-being differences in the reaction to the socio-economic circumstance in the remaining FFM traits since all are positively related to life satisfaction. This is particularly so for agreeableness and conscientiousness which were additionally shown to change in response to socio-economic events. Therefore, by similar reasoning if the occurrence of a socio-economic event results in changes to these traits, which are positively correlated with changes in well-being, we would expect to see post-event measures of these traits following a positive (negative) socio-economic event to predict larger increases (smaller decreases) in well-being (i.e., increase the likelihood of a positive interaction effect).
Again a significant interaction using a post-event measure may not be meaningful.
Predicting the occurrence of socio-economic events
We begin by first exploring whether personality predicts the occurrence of unemployment, retirement, marriage, separation, divorce, or widowhood between 2005 and 2013 in Table 3 . For each socio-economic event we first examine whether personality measured in 2005 predicts the socio-economic events later occurrence (columns 1, 3, 5, 7, 9, 11). We then examine whether the prediction changes using personality measured in 2013 (columns 2, 4, 6, 8, 10, 12). Overall we observe that there are seven significant (p < 0.05) predictors using pre-event measures compared with only four using post-event. We further observe that there are seven coefficients using post-event measures, although not necessarily individually significant, that are significantly different from the coefficient in the pre-event model (via χ 2 test across coefficients, where those at p < 0.05 are emboldened). More specifically we observe that pre-event openness (p < 0.10), conscientiousness (p < 0.10), agreeableness, extraversion, and neuroticism predict the occurrence of unemployment whereas using post-event measures it is only neuroticism that remains statistically linked to unemployment's occurrence. Further, the coefficient on conscientiousness is significantly different across the models. The remaining socio-economic events follow a similar pattern, with many of the pre-event personality traits no longer important if post-event measures are used. Some traits become important where they previously were not and there is evidence that coefficients differ across the models. Since neuroticism was shown to be the trait most likely to change in this dataset ( Table 3 ) we predicted that neuroticism would be the trait to exhibit the largest differences depending on when personality was measured. Indeed neuroticism was the trait most likely to predict the occurrence of the event and this differed somewhat depending on when personality was measured. Unemployment, separation, widowhood, and retirement (p < .10) all changed neuroticism and we see in Table 4 that there are differences in the ability of neuroticism to predict these socio-economic events when neuroticism is measured before versus after the event. Overall, under the assumption that preevent measures represent the true personality picture, this suggests there are eight Type 2 errors and four Type 1 errors when using post-event measures of personality.
Predicting the well-being reaction to socio-economic events
In Table 4 we explore in a 9 wave panel how the occurrences of socio-economic circumstances influence life satisfaction. We interact our standardized personality measures with our socio-economic events such that significance on any of the interaction terms indicates that there is a prediction of individual reactions to that specific socio-economic event. We carry out two estimations. The first uses personality at the start of the 9 wave panel (regression 1); whilst the second uses measures at the end of the 9 wave panel (regression 2).
In every other respect the data used in the regressions is identical; thus any interaction differences can be attributed to the time-point in which our indicator of personality was measured. The excluded dummies respectively are those that are single and never married and those that are employed. We analyze the within person variation in the data and account for clustering at the individual level (Cameron & Miller, 2015) .
In regression 1, which uses pre-event measures, there are 4 significant interaction effects (p < .05). In regression 2 there are 6 significant interaction effects (p < .05). However, only 2 interactions are the same across both regressions suggesting the time-period in which our personality indicators were measured does matter. This suggests, under the assumption that pre-event measures represent the true personality picture, that the reliance on only postevent measures would have generated two Type 1 errors and four Type 2 errors. Further, using Stata's (StataCorp, 2011) "suest" command on time-demeaned data to carry out a χ 2 test on differences in the coefficients, we observe that three of the interaction coefficients are significantly different across the models at p < .05 and another three at p < .10. Since neuroticism is the trait most strongly related to life satisfaction and also more likely to change following a socio-economic event we predicted that we would observe a negative interaction effect when we use post-rather than pre-event measure for neuroticism. We observe in regression 1, using pre-event measures, that being neurotic predicts the life satisfaction response (a positive interaction effect) of only separation. Neuroticism does not appear to be important for any other socio-economic event. However, when we look at the interactions using post-event neuroticism there is evidence of a negative interaction for both retirement and divorce, where previously there was not. In addition the previously positive coefficient on the neuroticism-separation interaction is now negative (although insignificant). Further, although only indicative, as the effect is not individually significant, the coefficient on widowhood reverts from being positive with pre-event neuroticism to being negative using post-event neuroticism.
We generally expected there to be more tendencies toward positive interactions using post-event measures for the traits agreeableness, conscientiousness, extraversion, and openness. Although misleading effects are perhaps less likely with these traits since their correlation with changes in life satisfaction is weaker (see Table 3 ) we do observe across all events, although not always significant, the tendencies predicted. For conscientiousness all the interactions become more positive. For extraversion this is apparent across all events except unemployment. There are some clear tendencies toward positive interaction effects for agreeableness. For example, there are negative significant effects on the agreeablenessmarriage and agreeableness-divorce interactions that are no longer present due to becoming less negative using post-event agreeableness. Widowhood reverts from being negative with pre-event agreeableness to being positive using post-event agreeableness. Although there is no evidence that agreeableness is an important moderating variables using pre-or post-event measures of personality there is borderline evidence that there is a difference (p < .10) across measures. Openness, however, did not conform to our predictions displaying the opposite effect with a consistent tendency toward negative interaction effects. Changes in openness, however, correlate the least with life satisfaction. It is perhaps likely that individuals who experienced the greatest difficulty and reacted the most strongly with respect to life satisfaction may have also developed their levels of openness due to new situations that they now faced.
Conclusion
Personality is an important predictor of socio-economic circumstances and much recent research has utilized large representative datasets to illustrate his. Here, we illustrate the need for this literature to consider that personality may also change in response to those same circumstances and may result in misleading predictions as to how individuals might be expected to respond. First, we highlighted the endogeneity problem associated with not considering change and suggested, particularly in the presence of limited longitudinal measures in representative datasets, the use of pre-event measures to mitigate this problem.
We then illustrate the problem empirically in a dataset from Germany after making several predictions as to how personality will differ from the results using post-event measures resulting in both Type 1 and Type 2 errors.
Our predictions were largely borne out when predicting both the occurrence of a socio-economic event as well as the well-being reaction to that event. For the occurrence of a socio-economic event our data illustrated that many events were predictable from pre-event measures of personality but not post-event measures. This suggests that under certain circumstances researchers may undervalue the importance of personality in explaining differences in outcomes. This may explain why some researchers have found that personality effects are small or non-existent (Becker, Deckers, Dohmen, Falk, & Kosse, 2012; Caliendo, Mahlstedt, & Mitnik, 2014) . For the well-being reactions to the socio-economic events we generally found large inconsistencies using pre-and post-event measures and these differences were in the directions predicted. Neuroticism was particularly problematic due to the likelihood that it will change following many socio-economic events. Openness-toexperiences on the other hand directly contradicted our predictions possibly because greater adversity following a difficult experience is likely to lead to increased openness-toexperience in the individual. Overall our research suggests that by not considering the possibility of personality change for any moderation analysis will result in misleading and predictably biased conclusions.
Our primary concern in this paper is to highlight an issue that should concern those working in the field. Already a number of researchers have published work that has not appropriately considered the possibility of changes in personality and relied on post-event measures leading to potentially unreliable conclusions (e.g., Heineck, 2011; Heineck & Anger, 2010; Proto & Rustichini, 2015; Soto & Luhmann, 2013; Uysal & Pohlmeier, 2011; Yap et al., 2012) . Our findings, for example, may explain why this previous research has found either mixed patterns of results (Yap et al., 2012) or an important role for the trait neuroticism (Proto & Rustichini, 2015; Soto & Luhmann, 2013 There are a number of limitations with the empirical component of our research. For example, owing to the thus far limited inclusion of personality measures in large datasets, we were restricted by the time horizon in which to assess the relationship between our measures and the occurrence of the socio-economic change. This reduced our ability to detect the changes arising specifically from each of the events. Although measures of personality directly before and after the occurrence of an event might have been preferable it remains difficult to fully account for the influence of an event on personality owing to the likelihood of non-linear and discontinuous change, potential effect reversibility, and anticipatory change (Luhmann et al., 2014) . Since we were unable to account for this important role of time in our study we may have underestimated the extent to which personality changes and therefore the true extent of this problem.
A related concern is that a pre-event personality measure may be potentially confounded by previous experiences of the event. For example, an individual, although employed at the time of the personality measurement, may have experienced unemployment previously and thus this raises some concerns as to whether there is a true personality measure that is not confounded. Whilst some researchers have used childhood or adolescent personality to predict future life outcomes (e.g., Daly et al., 2015; Egan et al., in press) we were only able to define pre-event personality via the earliest measure in our dataset. Thus the empirical analysis is hampered by whether our pre-event measures can truly be considered pre-event (see Luhmann et al., 2014 , for a related discussion). Whilst a conceptual difficulty this is also in part a data limitation and due to the nature of personality development across the life-cycle in response to social situations, personality measures need to be routinely included in large nationally representative datasets at regular and more frequent time intervals.
Nevertheless these concerns do not invalidate pre-event personality measures (preferably immediately before the occurrence of life event) being preferable to post-event measures when predicting important future life outcomes. The purpose of the empirical component of our research is for illustrative purposes with the main contribution of this paper to highlight to researchers outside of the immediate sub-discipline of personality psychology the methodological concern that needs to be appropriately considered and accounted for when carrying out this type of research. Our research suggests not only that personality can help understand for whom a specific event may be more likely to occur or invoke a more severe reaction to but that it is important to use pre-event measures when investigating this. A prediction of how individuals react to socio-economic events may have important implications for policy design and help highlight ways in which individuals might develop resilience. Table notes: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. The exact same data from the same individuals is used across both regressions with the only difference being the time-point in which personality was measured for the personality-event interaction terms. Each regression includes year and regional dummy variables, sex, education, logarithm of household income and household size, and disability status as controls. Since this is a within-person analysis age variables were not included. There was a small amount of missing data. For those that did not report their occupational or marital status we included additional dummies to indicate whether each variable was missing. We dealt with the remaining missing data using multiple imputations.
